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(54) AC plasma display panel and method of driving the same 



(57) A method for driving an AC-driven PDP to pro- 
duce gradation display by dividing a field into at least 
three sub-fields in time sequence, each of the suWields 
having a weighted luminance and being provided with 
an address period for selecting a cell to emit light for dis- 
play and a sustain period for sustaining a light-emitting 
state. The method includes the steps of grouping the 
sub-fields into at least two sub-field groups, carrying out 

FIG. 3 



a charge forming operation, as preparation for address- 
ing, directly before each of the sub-field groups so as to 
form wall charge necessary for sustaining the light-emit- 
ting state in all cells on an entire screen, and carrying 
out an erase addressing, in the address period of each 
of the sub-fields, for erasing the wall charge in a cell 
which need not emit light. 
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Description 

[0001 ] The present invention relates to a method driv- 
ing of an AC-driven plasma display panel (PDP) and 
also relates to a plasma display device to which the 
method can be applied. 

[0002] A PDP is a flat display device of a self-luminous 
type having a pair of substrates as a support Since the 
PDP capable of color display was put to practical use, 
the PDP has wider applications, for example as a dis- 
play of television pictures or a monitor of a computer 
The PDP is now attracting attention also as a large, flat 
display device for high-definition TV. 
[0003] The AC-driven PDP is a PDP constructed to 
have main electrodes covered with a dielectric to allow 
a so-called memory function of maintaining light-emis- 
sion discharges for display by utilizing wall charge. For 
producing an image with the PDP, row by row address- 
ing is earned out to form a charged state only in cells 
which are to emit light for display, and then a sustain 
voltage Vs for sustaining the light-emission discharges 
of alternating polarities is applied to all cells. The sus- 
tain voltage VS satisfies the following formula (1): 

Vf - Vwall < Vs < Vf Formula (1) 

, wherein Vf is a firing voltage, i.e., a discharge 
start voltage, and Vwall is a wall voltage. 
[0004] In cells having the wall charge, the wall voltage 
is superposed on the sustain voltage Vs, and therefore 
an effective voltage Veff present in the cells, which is 
also called a cell voltage, exceeds the firing voltage Vf 
to generate an electric discharge. If the sustain voltage 
Vs is applied at sufficiently short cycles, apparently con- 
tinuous light emission can be obtained. Luminance of 
display depends on the number of discharges gener- 
ated per unit time. Accordingly, gradation display (dis- 
play of gray scales) is reproduced by setting a proper 
number of discharges per field (per frame in the case of 
non-interlaced scanning) for every cell in accordance 
with desired gradation levels. Color display is a kind of 
gradation display, and colors are produced by combin- 
ing three primary colors with changing luminance of the 
colors. 

[0005] For performing gradation display with the PDP, 
it is generally known from Japanese Unexamined Pat- 
ent Publication No. HEI 4(1 992)- 1951 88 that one field is 
divided into a plurality of sub-fieWs each having a 
weighted luminance, i.e., number of discharges, and the 
total number of discharges in one field is set by deciding 
light emission or non-light-emission in each of the sub- 
fields. In general, the luminance of the sub-fields is 
weighted by so-called "binary weighting" which lays 

weights represented by 2 n wherein n = 0, 1 . 2, 3 For 

example, if the number of sub-fields is eight 256 levels 
of gradation, i.e., gradation level "0" to gradation level 
"255," can be displayed. 

[0006] The binary weighting is suitable for multi-grada- 



tion. However, in order to uniform a difference in lumi- 
nance corresponding to one level of gradation 
(hereafter referred to as a gradation difference) all over 
a total range of gradation, addressing must be carried 

5 every sub-field, and resetting (preparation for the 
addressing) must also be carried out for forming a uni- 
formly charged state on an entire screen prior to the 
addressing of each sub-field. If the resetting is not per- 
formed, cells having residual wall charge, i.e., cells hav- 

10 ing been selected to have light-emission discharges for 
display in the prececfing sub-field, are different in dis- 
chargeability from other cells, i.e., cells not having been 
selected for display in the preceding sub-field. There- 
fore it is difficult to carry out the addressing with reliabil- 

75 ity. Since the resetting and addressing involve an 
electric discharge, it is desirable that the number of 
relettings and addressings be reduced for good con- 
trast and reduction of electric power consumption. 
Especially in the case of a high-definition PDP, it is 

20 desired also for the purpose of preventing the genera- 
tion of heat that the number of addressings be reduced 
since the load on the circuit components for the 
addressing is large. 

[0007] For this purpose, Japanese Patent No. 

25 263931 1 proposes a method for driving a PDP wherein 
a number of sub-fields are grouped into a plurality of 
groups, suWields belonging to the same group are 
equally weighted and the resetting is earned out once 
for every group of sub-fields. 

30 [0008] Fig. 8 of the accompanying drawings is a sche- 
matic view illustrating the conventional driving method 
in which a field f is composed of nine sub-fields sf 1 to 
sf9, which are grouped into three groups sfgl to sfg3 
each consisting of three sutnf ields. Sub-fields sf 1 to sf3 

35 belonging to a first sub-field group sfgl are each 
weighted by one, sub-fields sf4 to sf6 belonging to a 
second sub-field group sfg2 are each weighted by four, 
and sub-fields sf7 to sf9 belonging to a third suWield 
group sfg3 are each weighted by sixteen. With this con- 

40 struction of the field, 64 levels of gradation, i.e., level "0" 
to level "63," can be displayed. Each of the sub-fields 
sf 1 to sf9 is provided with an address period ta for the 
addressing and a sustain period ts, which is also 
referred to as a display period, for sustaining light-emis- 

45 sion discharges. Each of the sub-field groups sfgl to 
sfg3 is provided with a reset period tr for the resetting. 
The length of the address period is constant in all the 
sub-fields, i.e., a product of a scanning cycle per row 
and the number of the rows, while the sustain period ts 

so is longer as a larger weight of luminance is put on the 
sustain period. 

[0009] Conventionally, the resetting is performed by a 
charge erasing operation of eliminating residual wall 
charge and thereby rendering the entire screen into an 
55 uncharged state, and the addressing is performed by a 
selective writing operation of selecting only cells which 
are to emit light for display and forming new wall charge 
in the selected cells. 
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[001 0] For example, in order to produce the gradation 
level "3," a cell may be selected to emit light during the 
sustain periods ts of the three sub-fields sf1 to sf3 
whose luminances are each weighted by one. In this 
case, the entire screen is cleared of electric charge in 5 
the reset period tr of the first sub-field group sfgl , and 
the cell is written to form wall charge in the address 
period ta of the first sub-field sf 1 . This cell is not written 
in the address periods ta of the second and third sub- 
fields sf2 and sf3, but the light-emission discharges are w 
sustained by use of remaining wall charge in the sustain 
periods TS of the sub-fields sf2 and sf3. Then, the wall 
charge is eliminated in the reset period tr of the second 
sub-field group sfg2 and thus the cell falls in a non- 
selected state wherein the cell does not generate a dis- 75 
charge on the application of a sustain voltage for sus- 
taining the light-emission discharge. In order to 
reproduce the gradation level "2" in a cell, the cell is writ- 
ten in the address period ta of the second sub-field sf2 
and the cell emits light in the sustain periods ts of the 20 
second and third sub-fields sf2 and sf3. 
[0011] With this construction in which the timing of 
writing is varied in each of the sub-fields groups sfgl to 
sfg3 according to a gradation level to be reproduced, 
the number of resettings can be reduced to the number 25 
of sub-field groups and the number of address writings 
in each cell can reduced equal to or less than the 
number of sub-field groups. Since the addressing here 
is of a write method, the addressing is not required 
when the gradation level to be reproduced is "0." 30 
[001 2] With the conventional driving method, however, 
a priming effect of space charge generated by the dis- 
charge for the resetting is large when the addressing 
immediately follows the resetting, while the priming 
effect becomes smaller as the interval between the 35 
resetting and the addressing becomes longer because 
the space charge decreases. Thus the incidence of dis- 
charge defects becomes high. That is, the production of 
a gradation level which requires light emission in only a 
few sub-fields of the sub-field groups sfgl to sfg3 is not 40 
ensured. For this reason, it is difficult to increase the 
number of sub-fields belonging to each of the sub-field 
groups sfgl to sfg3 thereby to increase the number of 
gradation levels to display without increasing power 
consumption for the addressing. In addition to that, the 45 
cycle for scanning a row must be set to a relatively large 
value of about 3.7^s so that a necessary amount of wall 
charge is formed by the addressing. Therefore, in the 
case where the number of rows is 430, for example, one 
addressing requires about 1.78ms and the maximum so 
number of addressings that can be done in one field 
time (about 16.7ms) is nina 
[0013] The present invention provides a method for 
driving an AC-driven PDP to produce gradation display 
by dividing a field into at least three sub-fields in time ss 
sequence, each of the sub-fields having a weighted 
luminance and being provided with an address period 
for selecting a cell to emit light for display and a sustain 
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period for sustaining a light-emitting state, the method 
comprising the steps of grouping the sub-fields into at 
least two sub-field groups; carrying out a charge form- 
ing operation, as preparation for addressing, directly 
before each of the sub-field groups so as to form wall 
charge necessary for sustaining the light-emitting state 
in all cells on an entire screen; and carrying out an 
erase addressing, in the address period of each of the 
sub-fields, for erasing the wall charge in a cell which 
need not emit light 

[001 4] Using this method, it is possible to charge uni- 
formly an entire screen for being prepared for address- 
ing, and to erase only the charge in that or those cells 
which need not emit light in the addressing. Thus, even 
if a cell must be cleared of charge in the second sub- 
field or later and it takes a long time from the prepara- 
tion for addressing to the discharge for erasure, space 
charge sufficient for the priming effect exists at the time 
of the discharge for erasure because the sustaining is 
carried out during the time from the preparation for 
addressing to the discharge for erasure. 
[001 5] The entire screen may be uniformly charged by 
a first step of reversing the polarity of wall charge and a 
second step of newly charging a cell whose wall charge 
has been erased. Thus, a uniformly charged state can 
be produced whether or not the cell has been selected 
in the immediately preceding sub-field, and the reliabil- 
ity of the addressing can be improved. 
[001 6] ft is thus possible to realize a stable operation 
for producing gradation display regardless of gradation 
levels to be reproduced in the case of performing a 
smaller number of addressings than the number of sub- 
fields grouped into some groups, ft is also possible to 
increase the number of sufcnf ields belonging to one sub- 
field group and thereby increase the number of grada- - 
tion levels to display without raising power consumption. 
[001 7] For a better understanding of the invention, and 
to show how the same may be carried into effect, refer- 
ence will now be made, by way of example, to the 
accompanying drawings, in which:- 

Fig. 1 is a diagram illustrating the structure of a 
plasma display; 

Fig. 2 is a perspective view illustrating an inner con- 
struction of a plasma cfisplay panel; 
Fig. 3 is a schematic view illustrating a driving 
method; 

Fig. 4 shows waveforms explaining a drive 
sequence; 

Fig. 5 shows waveforms explaining a basic concep- 
tion of the preparation for addressing; 
Fig. 6 is a schematic view illustrating an alternative 
driving method; 

Fig. 7 shews waveforms explaining an alternative 
drive sequence; and 

Fig. 8 is a schematic view illustrating a conventional 
driving method. 
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[001 8] Herein the term "field" refers to a unit image for 
time-sequential image display. That is, the field means 
each field of a frame in an interlaced scanning system in 
the case of television and a frame itself in a non-inter- 
laced scanning system (which can be regarded as a 5 
one-to-one interlaced scanning) typified by an output of 
a computer. 

[0019] The charge forming operation may include a 
first step of reversing the polarity of wall charge in ON- 
state cells in which the light-emitting state is sustained 10 
in the last sustain period before the present sub-field 
group and a second step of forming, in OFF-state cells 
which are other than the ON-state cells, wall charge of 
the same polarity as that in the ON-state cells. 
[0020] Further, all sub-fields belonging to the same is 
sub-field group may have the same weighted lumi- 
nance, sub-fields belonging to different sub-field groups 
may have different weighted luminances, and provided 
that a sub-field belonging to a sub-field group having the 
smallest weighted luminances has a weighted lumi- 20 
nance represented by an integer of one, the weighted 
luminance of a sub-field belonging to any other sub-field 
group may be 

a. an integer multiple of one, 25 

b. not larger than one plus the sum of all weighted 
luminances that are smaller than said weighted 
luminance, and 

c. larger than any weighted luminance that is 
smaller than said weighted luminance. 30 

[0021] Alternately, at least one sub-field group may 
include at least two sub-fields having different weighted 
luminances. 

[0022] Further, each of the sub-field groups may have 35 
a standard weighted luminance for sufcnf ields belonging 
to said each sub-field group, and provided that a sub- 
field group having the smallest standard weighted lumi- 
nance has a weighted luminance represented by an 
integer of one, the standard weighted luminance of any 40 
other sub-field group may be 

a. an integer multiple of one, 

b. not larger than one plus the sum of all weighted 
luminances of sub-fields belonging to any other 45 
sub-field group whose standard weighted lumi- 
nance is smaller than said standard weighted lumi- 
nance, 

c. larger than any standard weighted luminance 
that is. smaller than said standard weighted lumi- so 
nance. In this case, at least one sub-field of a sub- 
field group may have a weighted luminance smaller 

by one than the standard weighted luminance in 
said sub-field group. 

55 

[0023] In the second or later address period of a spe- 
cific one of the sub-field groups, a voltage for erasing 
the wall charge may be applied again to a cell to which 



the voltage for erasing the wall charge has been applied 
in any of the preceding address periods in the specific 
sub-field group. 

[0024] In this case, the specific sub-field group may be 
at least one sub-field group selected in descending 
order of the weighted luminance. Alternatively, the spe- 
cific sub-field group may be at least one sub-field group 
selected in descending order of the sum of the weighted 
luminances. 

[0025] Herein, in a specific sub-field group, if all the 
cells receive the voltage for erasing wall charge by one 
or more erase addressing(s), substantial application of 
a voltage to the cells is stopped in a sustain period and 
an address period thereafter. 
[0026] In this case, the specific sub-field group may be 
at least one sub-field group selected in descending 
order of the sum of the weighted luminances of the sub- 
fields belonging to each of the sub-field groups. Alterna- 
tively, the specific sub-field group may be at least one 
sub-fields group selected in descending order of the 
number of sub-fields. 

[0027] In at least one sub-field selected in ascending 
order of the weighted luminance, a row scanning cycle 
for the erase addressing may be shorter than that in the 
other sub-fields. 

[0028] Alternatively, in at least one of the sub^field 
groups selected in ascending order of the sum of the 
weighted luminances belonging to each of the sub-field 
groups, a row scanning cycle for the erase addressing 
may be shorter than that in the other sub-field groups. 
[0029] There is provided a method of driving an AC- 
driven PDP having a screen provided with a plurality of 
pixels arranged in matrix, the pixels having a memory 
function by use of wall charge, the method comprising 
the steps of dividing a field to be displayed on the 
screen into a plurality of sub-fields in time sequence, 
each of the sutnfields being further divided into an 
address period for selecting a pixel to emit light for dis- 
play and a display period for sustaining a light-emitting 
state; carrying out a charge forming operation for form- 
ing wall charge necessary for sustaining the light-emit- 
ting state in all the pixels on the entire screen 
immediately before a set of sequential sub-fields; carry- 
ing out an erase addressing for selectively erasing the 
wall charge in a pixel which need not emit light, in the 
address period of a sub-field selected from said set of 
sequential sub-fields; and controlling the number of 
sub-fields between the charge forming operation carried 
out immediately before said set of sequential sub-fields 
and the erase addressing in the selected sub-field in 
accordance with luminance of each of the pixels to be 
displayed. 

[0030] In this method, the charge forming operation 
may include a first process of reversing the polarity of 
the wall charge in ON-state pixels in which the light- 
emitting state is sustained in the last sustain period 
before the present sub-field and a second process of 
forming, in precedingly OFF-state pixels which are other 
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than the ON-state pixels, wall charge of the same polar- 
ity as that of the ON-state pixels. 
[0031 ] There is also provided a plasma display device 
comprising a three-electrode surface discharge PDP 
having a first main electrode and a second main elec- 
trode both extending in a direction of a row, an address 
electrode extending in a direction of a column, and a 
dielectric layer for covering the first main electrode and 
the second main electrode against a discharge gas 
space and a drive circuit for applying to the PDP a volt- 
age in a sequence to which one the above-described 
methods for driving an AC-driven PDP is adapted. 
[0032] Fig. 1 is a diagram illustrating the structure of a 
plasma display 100. 

[0033] The plasma display 1 00 includes an AC-driven 
PDP1 which is a color display divide utilizing a matrix 
display system and a drive unit 80 for selectively lighting 
a large number of cells C composing a screen SC. The 
plasma display 100 can be used as a wall-mounted tel- 
evision display device and a monitor of a computer sys- 
tem.' 

[0034] The PDP 1 is a three-electrode surface dis- 
charge PDP in which pairs of sustain electrodes X and 
Y are disposed in parallel as the first and second main 
electrodes and define cells as display elements at their 
intersections with address electrodes A as the third 
electrodes. The sustain electrodes X and Y extend in 
the direction of rows, i.e., in the horizontal direction, on 
the screen. The electrodes Y are used as scanning 
electrodes to select cells row by row in addressing. The 
address electrodes A extend in the direction of columns, 
i.e., in the vertical direction, and are used as data elec- 
trodes to select cells column by column in the address- 
ing. An area where the sustain electrodes intersect the 
address electrodes is a display area, that is, a screen. 
[0035] The drive unit 80 includes a controller 81, a 
frame memory 82, a data processing circuit 83, a sub- 
field memory 84, a power source circuit 85, an X driver 
circuit 87, a Y driver circuit 88 and an address driver cir- 
cuit 89. Field data DF representative of luminance levels 
of the individual cells, i.e., gradation levels, for individual 
colors R, G and B are inputted to the drive unit 80 from 
external equipment such as a TV tuner or computer. 
[0036] The field data DF are stored in the frame mem- 
ory 82 and then transferred to the data processing cir- 
cuit 83. The data processing circuit 83 is data 
converting means for setting combination of sub-fields 
in which the cells emit light and outputs sub-field data 
DSF in accordance with the field data DF. The sub-field 
data DSF are stored in the suWieW memory 84. Each 
bit of the sub-field data has a value representing 
whether or not a cell must emit light in a sub-field, more 
strictly whether or not an address discharge takes place 
in a sub-field. 

[0037] The X driver circuit 87 applies a drive voltage 
to the sustain electrodes X and the Y driver circuit 88 
applies a drive voltage to the sustain electrodes Y. The 
address driver circuit 89 applies a drive voltage to the 



address electrodes according to the sub-field data DSF. 
These driver circuits are supplied with power from the 
power source circuit 85. 

[0038] Fig. 2 is a perspective view illustrating the inner 
5 construction of the PDP 1 . 

[0039] InthePDP 1, a pair of sustain electrode X and 
Y is disposed on each row of cells in the horizontal 
direction on the matrix screen on an inside surface of a 
glass substrate 11. Each of the sustain electrodes X 
to and Y includes a electrically conductive transparent film 
41 and a metal fflm (bus conductor) 42 and is covered 
with a dielectric layer 1 7 of a low-melting glass of 30 urn 
in thickness. A protection film 18 of magnesia (MgO) of 
several thousand angstrom in thickness is formed on a 
75 surface of the dielectric layer 17. The address elec- 
trodes A are placed on a base layer 22 which covers an 
inside surface of a glass substrate 21. The address 
electrodes A are covered with a cfielectric layer 24 of 
about 10 urn in thickness. On the dielectric layer 24, ribs 
20 29 of about 1 50 urn in height in the form of a linear band 
in a plan view are each disposed between the address 
electrodes A. These ribs 29 partition a discharge space 
30 into sub-pixels, i.e., light-emission units, in the direc- 
tion of the rows and also define a spacing for the dis- 
ss charge space between the substrates. Fluorescent 
layers 28R, 28G and 28B of three colors R, G and B for 
color cf splay are formed to cover surfaces above the 
address electrodes and side walls of the ribs 29. The 
ribs are preferably colored dark on the top portions and 
30 white in the other portions to reflect visible light well for 
improving contrast The ribs can be colored by adding 
pigments of intended colors to a glass paste which is a 
material for the rfos. 

19040] The discharge space 30 is filled with a dis- 

35 charge gas of neon as the main component with which 
xenon is mixed (the pressure in the panel is 500 Torr). 
The fluorescent layers 28R, 28G and 28B are locally 
excited by ultraviolet rays irradiated by xenon to emit 
light when an electric discharge takes place. One pixel 

40 for display is composed of three adjacent sub-pixels 
placed in the direction of the row. The sub-pixels in the 
respective columns emit light of the same color. The 
structural unit in each of the sub-pixels is a cell C (dis- 
play element). Since the ribs 29 are arranged in a stripe 

45 pattern, portions of the discharge space 30 which corre- 
spond to the individual columns are vertically continu- 
ous, bridging all the rows. For this reason, the gap 
between the electrodes in adjacent rows (referred to as 
a reverse slit) is set to be sufficiently larger than a gap to 

so allow a surface discharge in each of the rows, ag., 80 to 
140 urn, in order to prevent coupling by an electric dis- 
charge between cells in a column. For example, the gap 
may preferably be about 400 to 500 urn. Additionally, for 
the purpose of covering fluorescent layers in the reverse 

55 slits, which do not emit light and looks whitish, light-tight 
films are provided on the outer or inner surface of the 
glass substrate 1 1 corresponding to the reverse slits. 
[0041] It is new explained how the PDP 1 of the 
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plasma display 1 can be driven. 

[0042] Fig. 3 is a schematic view illustrating a driving 

method. 

[0043] For reproducing gradation display by the binary 
control of light-emission, fields F which are images 5 
inputted in time sequence are each divided into 16 sub- 
fields SF1, SF2, SF3, SF4, SF5, SF6. SF7, SF8, SF9. 
SF10, SF11, SF12, SF13, SF14, SF15 and SF16. In 
other words, the image of the field F is displayed as a 
set of images of the 16 suthfields SF1 to SF16. An 10 
address period TA and a sustain period (display period) 
TS are provided for each of the sub-fields SF1 to SF16. 
In order to reduce the number of addressings, the sub- 
fields SF1 to SF16 are grouped into plural groups, for 
example, three sub-field groups SFG1. SFG2 and is 
SFQ3. A group of five sub-fields from the first to the fifth 
in order of display, SF1 to SF5, is a first sub-f iekJ group 
SFG1, a group of five sub-fields from the sixth to the 
tenth SF6 to SF10 is a second sub-field group SFG2, 
and a group of six sub-fields from the eleventh to the 20 
sixteenth SF1 1 to SF16 is a third sub-field group SFG3. 
An address preparation period TR for preparing for the 
addressing is provided for each of the sub-field groups 
SFG1 to SFG3. In this example, the weight of luminance 
of all the suWields belonging to the first sub-fiekJ group 25 
SFG1 is set to the minimum "1 ," the weight of luminance 
of all the sub-fields belonging to the second sub-field 
group SFG2 is set to "6" and the weight of luminance of 
all the sub-fields belonging to the third sub-field group 
SFG3 is set to "36." Here, in the second and third sub- 30 
field groups SFG2 and SFG3, the respective weights of 
luminance are integer multiples of the minimum weight 
"1" and equal to one plus the total sum of the weights 
smaller than themselves. That is, 6 = 1 x 5 + 1 and 36 = 
1x5 + 6x5+1. With this construction of the field with 35 
luminance weights, 252 levels of gradation "0" to "251" 
can be produced with uniform difference in luminance 
between levels by changing combination of lighting and 
non-lighting in the sub-fields. Thus the plasma display \ 
1 00 can be reproduce 252 3 colors. 40 
[0044] In each of the sub-field groups SFG1 to SFG3, 
not all the sub-fields belonging thereto are required to 
be weighted equally, but the luminance weights of the 
sub-fields may suitably be selected. For example, the 
luminance of the sub-field SF1 1 in the sub-field group 45 
SFG3 is weighted by "35". For obtaining the luminance 
of weight "36," a cell may emit light in the sub-field SF1 1 
of luminance weight "35" and the sub-field SF1 of lumi- 
nance weight "1 ." The sub-fields need not be displayed 
in order of luminance weights. For example, a sub-field so 
having a large luminance weight may be placed in the 
middle of the field period for optimization. It is desirable 
to avoid an extreme continuation of the light-emitting or 
non-light-emitting state with a view to preventing 
pseudo-contour with moving pictures. The pseudo-con- 55 
tour with moving pictures, which is also called motion 
picture disturbance, is a phenomenon that a false con- 
tour is perceived by human retina. This phenomenon 



sometimes occurs when light emission is turned off or 
on in a sub-field with a large weight of luminance. The 
sub-fields belonging to each of the sub-field groups 
SFG1 to SFG3 are displayed continuously and are not 
interrupted by a sub-field belonging to any other sub- 
field group. 

[0045] The address preparation period TR is provided 
at the beginning of each of the sutnf iekJ groups SFG1 to 
SFG3. In this address preparation period TR, the 
charge forming operation is carried out to form, in all 
cells, wall charge which are necessary for sustaining 
the light-emission by a drive sequence described later. 
Accordingly, if a sustain voltage for sustaining a light- 
emission discharge is applied directly after the charge 
forming operation has been done, every cell emits light. 
In the address period TA of each of the sub-fields, the 
erase addressing is carried out to erase the wall charge 
only in cells which are not required to emit light The 
cells whose wall charge has been erased do not emit 
light on the application of the sustain voltage until the 
charge forming operation is performed again. In the 
sustain period TS, the sustain voltage of the alternating 
polarity is applied to all the cells and the light-emitting 
state is maintained in cells retaining the wall charge. In 
each of the sub-field groups SFG1 to SFG3, a cell which 
displays a gradation level requiring light emission in m 
(0 ^ m < n) sub-fields out of the n (n = 5 or 6) sub- 
fields belonging to the sub-field group is cleared of the 
wall charge in the (m + 1)-th address period TA. A cell 
which cf splays a gradation level requiring light emission 
in n sub-fields is not cleared of the wall charge. 
[0046] For example, for reproducing the gradation 
level "3" in a cell, the cell may be lighted in the sustain 
periods TS of the three suWields SF1 to SF3 each hav- 
ing the luminance weight of "1." In this case, the wall 
charge is formed on the whole screen in the address 
preparation period TR of the first sub-field group SFG1 , 
and the wall charge of the cell is erased in the address 
period TA of the fourth sub-field SF4. In the case where 
the gradation level "2" is reproduced in a cell, the wall 
charge of the cell is erased in the address period TA of 
the third sub-field SF3, and the cell does not emit light in 
the sustain periods TS of the third to fifth sub-fields SF3 
toSF5. 

[0047] Thus, by changing the timing of erasing the wall 
charge in each of the sub-field groups SFG1 to SFG3 
according to the gradation levels to be reproduced, the 
number of charge formations all over the screen can be 
reduced to the number of sub-field groups and the 
number of address discharges in one cell can be 
reduced to or under the number of sub-field groups. 
Since the addressing of this method is of an erase 
method, the addressing is not needed when the grada- 
tion level to be reproduced is the maximum "251." 
[0048] Fig. 4 shows waveforms explaining a drive 
sequence. 

[0049] In the address preparation period TR of each 
of the sub-field groups SFG1 to SFG3. the wall charge 
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of a predetermined polarity is formed in both ON cells 
(ON-state cells which has been selected to emit light for 
display in the immediately preceding sustain period and 
therefore in which a light-emitting state has been sus- 
tained) and OFF cells (OFF-state cells which has not 5 
been selected to emit light for display in the immediately 
preceding sustain period and therefore in which the 
light-emitting state has not been sustained) by a first 
step of applying a voltage pulse Pr of positive polarity to 
the sustain electrodes X and a second step of applying 10 
a voltage pulse Prx of positive polarity to the sustain 
electrodes X and a voltage pulse Pry of negative polar- 
ity to the sustain electrodes Y as explained below. In the 
first step, the address electrodes A are biased to a pos- 
itive potential to prevent an unnecessary discharge 75 
across the address electrodes A and the sustain elec- 
trodes X. Subsequently to the second step, a voltage 
pulse Prs of positive polarity is applied to the sustain 
electrodes Y to generate surface discharge in all the 
cells so that the cells are more uniformly charged. By 20 
this surface discharge, the polarity of the wall charge is 
reversed. Then, the potential of the sustain electrodes Y 
is gradually reduced to avoid loss of the charge. 
[0050] In the address period TA following the address 
preparation period TR, the rows are selected row by row 25 
from the first row, and a scan pulse Py of negative polar- 
ity is applied to the sustain electrode Y of the selected 
row. At the same time as the row is selected, an address 
pulse Pa of positive polarity is applied to the address 
electrode A which corresponds to a cell not to emit light 30 
this time. In a cell on the selected row to which the 
address pulse Pa is applied, an opposition discharge 
occurs across the sustain electrode Y and the address 
electrode A Thereby the wall charge on the dielectric 
layer 1 7 in the cell disappears. When the address pulse 35 
Pa is applied, the wall charge of positive polarity exists 
near the sustain electrode X. This wall charge cancels 
the address pulse Pa and a discharge does not occur 
across the sustain electrode X and the address elec- 
trode A Such erase addressing is suitable for high- 40 
speed display because the erase addressing does not 
require wall charge to be re-formed unlike write 
addressing. More particularly, time necessary for 
addressing one row, i.a, a row scanning cycle, is about 
1.5 11S. which is equal to or less than half of the row 45 
scanning cycle required by the write addressing. In the 
case where the number of rows is 460, the time required 
for one addressing is 720 us and the sum of 16 address 
periods TA is 1 1 .5ms, which is about 69% of the entire 
field period. 50 
[0051 ] In the sustain period TS, all the address elec- 
trodes A are biased to a positive potential for preventing 
an unnecessary discharge, and the sustain pulse Ps of 
positive polarity is applied to all the sustain electrodes X 
first. Then the sustain pulse Ps is applied alternatively to 55 
the sustain electrodes Y and the sustain electrodes X. 
In this example, the last sustain pulse Ps is applied to 
the sustain electrodes Y. By the application of the sus- 



tain pulse Ps, a surface discharge is generated in cells 
whose wall charge has not been erased in the address 
period TA i.e., cells to emit light in the current sub-field. 
[0052] In the address period TA following the sustain 
period TS, the voltage pulse Pr and a voltage pulse Prs 
are applied to the sustain electrodes X and the sustain 
electrodes Y, respectively, for the purpose of adjusting 
charge distribution. Then, the potential of the sustain 
electrodes Y is gradually reduced as in the address 
preparation period TR, and then the addressing is car- 
ried out row by row as in the first address period TA 
[0053] Fig. 5 shows waveforms explaining a basic 
conception of the preparation for addressing. 
[0054] Referring to the figure, the polarity of the wall 
voltage Vwall and the effective voltage Veff is shown 
with respect to the potential of the sustain electrode Y 
[0055] At the beginning of the address preparation 
period TR, the wall charge generated by the surface dis- 
charge for sustaining the light-emission discharge 
remain in the ON cells. The polarity of the wall charge is 
positive on the side of the sustain electrode X and neg- 
ative on the side of the sustain electrode Y because the 
last sustain pulse Ps is applied to the sustain electrode 
Y as descrtoed above. Accordingly, a positive wall volt- 
age Vwall is present across the sustain electrodes 
(main electrodes) in the ON cells. On the other hand, in 
the OFF cells, the wall voltage is zero because the wall 
charge is erased by the preceding addressing. 
[0056] If the sustain electrode X receives a voftage 
pulse Pr whose crest value is the same as or close to 
that of the sustain pulse Ps. the effective voltage Veff in 
the ON cells exceeds a firing voltage Vf as indicated by 
a solid line in the figure. Thereby the surface discharge 
is generated in the ON cells, so that the wall charge dis- 
appears and then is formed again. Thus the polarity of 
the wall charge is reversed. In the OFF cells, on the 
other hand, the effective voltage Veff does not exceed 
the firing voltage Vf, as indicated by a dotted line in the 
figure. Therefore the discharge does not occur and the 
uncharged state is maintained. 
[0057] Subsequently, if voltage pulses of Prx and Pry 
of different polarities whose crest values are set such 
that applied voltage is about twice as high as the sustain 
voltage (the crest value Vs of the sustain pulse Ps) the 
effective voltage Veff in the OFF cells exceeds the firing 
voltage Vf to generate the surface discharge. Thereby 
the same negative wall voltage Vwall as that present in 
the ON cells is present in the OFF cells. In the ON cells, 
on the other hand, the existing wall voltage Vwall lowers 
the applied voltage, so that, the effective voltage Veff 
does not exceed the firing voltage Vf. Accordingly, the 
charged state is maintained in the ON cells. Thus, the 
ON cells and the OFF cells are charged similarly. How- 
ever, there are cases where the amount of charge in the 
ON cells differs to some extent from the amount of 
charge in the OFF cells (usually the OFF cells has a 
larger amount of charge). In consideration of that, the 
voltage pulse Prs is applied to generate a surface dis- 
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charge to uniform the amount of charge. 

[0058] Since the entire screen is thus charged by two 

steps by use of the remaining wall charge, more uniform 

charge distribution can be obtained compared with the 

case where a charged state is formed only by one dis- s 

charge. Thus the reliability of the addressing is 

improved. 

[0059] Fig. 6 is a schematic view illustrating a modified 
driving method. 

[0060] In a specific sub-field group (SFG3 in the w 
example shown in the figure), a cell whose wall charge 
is erased in one address period is subjected to the 
erase addressing in at least one address period(s) TA 
after that address period by use of the same sub-field 
data DSF. Thus, even if there is a failure in the address 75 
discharge and a cell which should not emit light hap- 
pens to emit light, the unnecessary wall charge in the 
cell is erased by repeating the erase addressing and the 
cell falls in the non-light-emitting state. In usual cases, 
the first erase addressing rarely fails to erase the unnec- 20 
essary wall charge. Accordingly, a discharge hardly 
takes place in the second and later erase addressing 
and the contrast of display does not decline. 
[0061 ] The above-described repeated addressing can 
be performed in all the sub-field groups SFG1 to SFG3. 25 
However, taking it into consideration that a failure in the 
address discharge rarely happens and, if it happens, it 
affects jittie a sub-field having a small luminance weight 
(luminance rises only slightly by erroneous emission of 
light), it is desirable that the specific sub-field group be 30 
selected in descending order of luminance weight or the 
sum of luminance weights in the sub-field groups. For, in 
the case where the address discharge successfully 
takes place in the first addressing and the discharge 
does not take place in the second and later addressing, 35 
the application of the scan pulse Py and the address 
pulse Pa consumes power for charging the cell. It may 
also be effective for reducing power consumption to limit 
the number of repeated addressings to one, two or 
three. 40 
[0062] In the example shown in Fig. 6, the specific 
sub-field group is the sub-field group SFG3 which 
includes sub-fields of the largest luminance weight or 
which has the largest sum of luminance weights, and 
the addressing is repeated only once therein. Thus the 45 
total number of addressings is two. 
[0063] Fig. 7 shows waveforms explaining a modified 
drive sequence. 

[0064] An addressing failure less influences a sub- 
field whose luminance weight is small than a sub-field so 
whose luminance weight is large. Accordingly, the row 
scanning cycle AT for the sub-fields SF1 to SF5 having 
the smallest luminance weight is set shorter than the 
row scanning cycle AT for the other sub-fields SF6 to 
SF16. As a result, the address periods TA' of the sub- ss 
fields SF1 to SF5 become shorter than the address 
periods TA of the other sub-fields SF6 to SF1 6. This dif- 
ference can be utilized for lengthening the sustain peri- 



ods to raise the maximum luminance or for increasing 
the number of sub-fields to increase the number of gra- 
dation levels. 

[0065] In some cases, none of the cells need to emit 
light after a certain sub-field of the sub-field group 
SFG1, SFG2 or SFG3 according to the content of dis- 
play. If a voltage is applied to the cells during such time 
periods in which the light emission is not needed, power 
is consumed only for charging electrostatic capacity 
across the electrodes. Therefore, in a sub-field in which 
none of the cells need to emit light, not only the address 
pulse Pa but also the scan pulse Py and the sustain 
pulse Ps may not be outputted so that the application of 
voltages are substantially stopped. Such control is per- 
formed by the controller 81 on the basis of gradation 
data from the data processing circuit 83 (see Fig. 1). In 
order to simplify the control, this cessation of the appli- 
cation of voltages may be done only in a specific sub- 
field group. In such a case, it is preferable to select the 
specific sub-field group in descending order of lumi- 
nance weight in descending order of the sum of lumi- 
nance weights or in descending order of the number of 
the sub-fields in terms of effective reduction of power 
consumption. 

[0066] In the above-described examples, in order to 
reduce the deterioration of the fluorescent layers 
caused by the address discharge, the address pulse Pa 
js-first set to be positive, and then the polarity of the 
other pulses is set in accordance with the positive 
address pulse Pa The sustain pulse of positive polarity 
is applied alternately to one of the sustain electrodes for 
simplifying the drive circuit. The present invention, how- 
ever, is not limited to these examples. That is. the polar- 
ity of voltages applied can be changed. As for the 
voltage pulses Prx and Pry in the second step of the 
charge forming operation, the setting of the crest values 
is optional, but it is advantageous for circuit construction 
to equipoterttially oppose the voltage pulses Prx and 
Pry like a combination of Vs and -Vs as shown in the 
examples. 

[0067] Herein, in the case where sub-fields are 
grouped and gradation levels are reproduced by a 
smaller number of addressings than the number of sub- 
fields, operation can be stabilized regardless of grada- 
tion levels to be reproduced. Therefore, it has become 
possible to increase the number of sub-fields in sub- 
field groups thereby to increase the number of gradation 
levels without increasing electric power consumption. 
[0068] Further, the cells can be charged more uni- 
formly all over the screen than in the conventional 
method whether or not the cells have emitted light in the 
immediately preceding sub-field. Therefore the reliabil- 
ity of the addressing can be improved. 
[0069] Further, light emission periods can be distrib- 
uted more evenly during the whole field time, and thus 
the incidence of false outlines can be reduced. 
[0070] Still further, if a discharge failure happens in 
the addressing, unnecessary light emission caused by 
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the discharge failure can be minimized. 
[0071 ] Further, it is also possible to reduce consump- 
tion of electric power. 

[0072] It is also possible to enable either of the 
improvement of luminance by lengthening the sustain 5 
period or the increase of the number of displayable gra- 
dation levels by increasing the number of sub-fields. 

Claims 

w 

1 . A method for driving an AC-driven PDP to produce 
gradation display by dividing a field into at least 
three sub-fields in time sequence, each of the sub- 
fields having a weighted luminance and being pro- 
vided with an address period for selecting a cell to is 
emit light for display and a sustain period for sus- 
taining a light-emitting state, the method comprising 
the steps of: 

grouping the sub-fields into at least two sub- 20 
field groups; 

carrying out a charge forming operation, as 
preparation for addressing, directly before the 
first address period in each of the sub-field 
groups so as to form wall charge necessary for 25 
sustaining the light-emitting state in all cells on 
an entire screen; and 

carrying out an erase addressing, in the 
address period of each of the sub-fields, for 
erasing the wall charge in a cell which need not 30 
emit light 

2. The method according to claim 1, wherein the 
charge forming operation includes a first step of 
reversing the polarity of wall charge in an ON-state 35 
cell in which the light-emitting state is sustained in 

an immediately preceding sustain period and a sec- 
ond step of forming, in an OFF-state cell which is a 
cell other than the ON-state cell, wall charge of the 
same polarity as that in the ON-state cell. 40 

3. The method according to claim 1 or 2, wherein: 

all sub-fields belonging to the same sub-field 
group have the same weighted luminance; 45 
sub-fields belonging to different sub-field 
groups have different weighted luminances; 
and 

provided that a sub-field belonging to a sub- 
field group having the smallest weighted lumi- so 
nances has a weighted luminance represented 
by an integer of one, the weighted luminance of 
a sub-field belonging to any other sub-field 
group is 

55 

a. an integer multiple of one, 

b. not larger than one plus the sum of all 
weighted luminances that are smaller than 



said weighted luminance, and 

c. larger than any weighted luminance that 

is smaller than said weighted luminance. 

4. The method according to claim 1 or 2, wherein at 
least one of the sub-field groups includes at least 
two sub-fields having different weighted lumi- 
nances. 

5. The method according to claim 1 or 2, wherein: 

each of the sub-field groups has a standard 
weighted luminance for sub-fields belonging to 
said each sub-field group; 
provided that a sub-field group having the 
smallest standard weighted luminance has a 
weighted luminance represented by an integer 
of one, the standard weighted luminance of any 
other sub-field group is 

a. an integer multiple of one, 

b. not larger than one plus the sum of all 
weighted luminances of sub-fields belong- 
ing to any other sub-field group whose 
standard weighted luminance is smaller 
than said standard weighted luminance, 

c. larger than any standard weighted lumi- 
nance that is smaller than said standard 
weighted luminance; and 

at least one sub-field of a sub-field group has a 
weighted luminance smaller by one than the 
standard weighted luminance in said sub-field 
group. 

6. The method according to any preceding claim, 
wherein in the second or later address period in a 
specific one of the sub-field groups, a voltage for 
erasing the wall charge is applied again to a cell to 
which the voltage for erasing the wall charge is 
applied in an address period before said second or 
later address period. 

7. The method according to claim 6, wherein the spe- 
cific sub-field group is at least one of the sub-field 
groups selected in descending order of the 
weighted luminance. 

8. The method according to claim 6, wherein the spe- 
cific sub-field group is at least one of the sub-field 
groups selected in descending order of the sum of 
the weighted luminances of the sub-fields belong- 
ing to each of the sub-field groups. 

9. The method according to any preceding claim, 
wherein in a specific one of the sub-field groups, if 
all the cells receive a voltage for erasing the wall 
charge by one or a plurality of erase addressing(s), 



9 



17 



EP0 903 718A1 



18 



substantial application of a voltage to the cells is 
stopped in any sustain period and any address 
period thereafter. 

1 0. The method according to claim 9, wherein the spe- 
cific sub-field group is at least one of the sub-field 
groups selected in descending order of the sum of 
the weighted luminances of the sub-f iekls belong- 
ing to each of the sub-field groups. 

1 1 . The method according to claim 9. wherein the spe- 
cific group of sub4ields is at least one of the sub- 
field groups selected in descending order of the 
number of sub-fields belonging to each of the sub- 
field groups. 



field in accordance with luminance of each of 
the pixels to be displayed. 

15. The method according to claim 14, wherein the 
s charge forming operation includes a first step of 

reversing the polarity of wall charge in an ON-state 
pixel in which the light-emitting state is sustained in 
an immediately preceding sustain period and a sec- 
ond step of forming, in an OFF-state pixel, which is 
w a pixel other than the ON-state pixel, wall charge of 
the same polarity as that in the ON-state pixel. 

16. The method according to claim 14 or 15 in combi- 
nation with the additional features of any one of 

is claims 3 to 13. 



12. The method according to any preceding claim, 
wherein, in at least one of the sub-fields selected in 
ascending order of the weighted luminance, a row 
scanning cycle for the erase addressing is shorter 20 
than the row scanning cycle in other sub-fields. 

1 3. The method according to any one of claims 1 to 1 1 , 
wherein, in at least one of the sub-field groups 
selected in ascending order of the sum of the 2s 
weighted luminances of the sub-fields belonging to 
each of the sub-field groups, a row scanning cycle 

for the erase addressing is shorter than the row 
scanning cycle in other sub-field groups. 

30 

14. A method for driving an AC-driven PDP having a 
screen provided with a plurality of pixels arranged in 
matrix, the pixels having a memory function by use 
of wall charge, the method comprising the steps of: 

35 

dividing a field to be displayed on the screen 
into a plurality of sub-fields in time sequence, 
each of the sub-fields being further divided into 
an address period for selecting a pixel to emit 
light for display and a display period for sustain- ao 
ing a light-emitting state; 



1 7. A plasma display device comprising: 

a three-electrode surface discharge PDP hav- 
ing a first main electrode and a second main 
electrode both extending in a direction of a row, 
an address electrode extending in a direction of 
a column, and a dieletric layer for covering the 
first main electrode and the second main elec- 
trode against a discharge gas space; and 
a drive circuit for applying a voltage to the PDP 
in a sequence defined by a method according 
to any one of the preceding claims. 



carrying out a charge forming operation for 
forming wall charge necessary for sustaining 
the light-emitting state in all the pixels on the 45 
entire screen immediately before a set of 
sequential sub-fields; 



carrying out an erase addressing for selectively 
erasing the wall charge in a pixel which need so 
not emit light, in the address period of a sub- 
field selected from said set of sequential sub- 
fields; and 



controlling the number of sub-fields between 55 
the charge forming operation earned out imme- 
diately before said set of sequential sub-fields 
and the erase addressing in the selected sub- 
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